The aim of the study was to compare decision making for asymptomatic rootfilled teeth among dentists with differing educational backgrounds. Case scenarios based on 14 radiographs were created and 150 participants were asked to choose from five alternative treatment decisions and to state the rationale. Demographic data of the participants were recorded. Frequency distribution and cross-tabulation were performed; chi square testing was used for comparisons and logistic regression was performed to detect significant differences. The overall response rate was 87.3%. The practitioners chose intervention predominantly with non-surgical retreatment a common choice. Poor technical quality was a driving factor, while the existing poor coronal restoration and the need for a crown were generally not taken into account by general dentists. Speciality and experience were significant factors. Practitioners were more inclined to retain rather than extract teeth. It is concluded that clear guidelines listing factors to consider for intervention are required.
Introduction
Clinical decision making is a complex process which should be based on best available evidence, clinical expertise and patient preferences to achieve the best treatment choice for the patient (1) . It has been reported that treatment decisions vary widely among dentists and specialists, with personal values and experience being the driving factors rather than adequate risk benefit analysis (2, 3) .
It is well established that bacteria are the primary cause of apical periodontitis (4) , and the aim of endodontic therapy is to heal or prevent apical periodontitis (5) . Epidemiological studies have shown that around 60% of inadequately root-filled have an incidence of around 40% with apical periodontitis (6, 7) . Even well-treated teeth can fail with persistence of apical periodontitis (8) .
Outcome assessment criteria vary among studies. According to Strindberg (9) , the absence or presence of radiographic rarefaction at the apex is considered as success or failure respectively, and therefore intervention is recommended for a diagnosed radiographic failure. The survival rates of root-filled teeth have been reported to be around 95% (10, 11) . The presence of symptoms has been found to be a driving factor for the clinician to intervene; with the type of intervention variable (12) . Most cases of endodontic failure are asymptomatic and are diagnosed incidentally radiographically, and the clinician needs to decide and advise the patient whether to intervene or not. Furthermore, Yu et al. reported that the progression of asymptomatic persistent lesions in root-filled teeth is unlikely, with low risk of flare-up and minimal impact on daily activities (13) . Conventionally, the presence of a periapical lesion has been considered a reason for retreatment (14, 15) , it has been noted that some asymptomatic cases may be unnecessarily treated considering the low risks if left untreated.
Modern endodontic techniques for both conventional and surgical retreatment and implant placement present various treatment alternatives to both clinicians and patients. The quality of the root canal filling, the quality of the coronal restoration and the need for a new coronal restoration are factors that should influence the decisionmaking process. The degree to which these factors are considered by clinicians has not been previously fully explored. The aim of the present study was to compare clinical decision-making choices of general dentists, postgraduate students and endodontists when presented with radiographic surveys of patient scenarios with varying quality of the root canal filling and coronal restoration presenting with asymptomatic apical periodontitis.
Materials and Methods
The study was approved by the institutional ethics and research committee and performed in accordance with ethical standards of the declaration of Helsinki. All registered postgraduate students and endodontists with a matching number of general practitioners from the dental association list of practitioners were invited with 131 dentists agreeing to participate. Those included 50 general practitioners (GP), 47 postgraduate students (PG) enrolled in Masters or Residency program and 34 specialists (SP) in endodontics or restorative dentistry.
Periapical radiographs of 14 cases of endodontically treated teeth representing six scenarios with parameters that might influence decision making (Table 1 and Fig. 1 ) were obtained from records that had been archived after completion of treatment (a minimum of 12 months) at a dental teaching centre. Each radiograph was assigned a case description and a printout of the scanned radiographs was distributed to participants, who were asked to choose and justify a treatment option. Five treatment options were associated with each case: nonsurgical retreatment, surgical retreatment, extraction, wait and see (re-examine after 12 months), and no treatment. The participants were also asked to provide their age, gender, qualification(s) and years of experience.
Data were analysed using the Statistical Package for Social Sciences (SPSS) software version 19.0 (SPSS ® :
Inc., Chicago, IL, USA). Frequency distribution and cross-tabulation were produced. Chi square test was used for comparisons among groups. A multinomial logistic regression model was performed to detect any statistical significant differences among the three groups (GP, PG, SP), gender, years of experience (≤5 years, 6-10 years, >10 years) with regard to the preferred treatment option, so non-surgical retreatment was perceived as the major treatment option, and as the comparison standard (reference category) for the relative risk ratio (RRR) estimation. The level of significance was set at (P < 0.05).
Results
The overall response rate was 87.3%, ranging from 100% for GPs, 94% for PGs to 68% for SPs with 82 males and 49 females. The age range was 24-51 with a mean of 32 years. Overall, the variation in the participant's treatment choice was wide.
Treatment options
The most common treatment option chosen for all the cases was non-surgical retreatment 47.2%, while extraction (3.5%) was the least chosen ( Table 2 ). Non-surgical retreatment was significantly higher among SP compared to GPs and PGs (P < 0.001).
Contributing factors
Effect of gender on treatment choice was not significant in most cases. The level of experience was a significant factor; 52.3% of participants with experience ≤5 years chose non-surgical retreatment as the preferred option (42.1% GPs, 59.5% PGs, and 59.3% SP, P = 0.001). Among participants with 6-10 years of experience, specialists preferred non-surgical retreatment with significant differences associated with both GPs and PGs (59.5 vs. 42%, 44%, P = 0.001). GPs (10%) with experience 6-10 years chose extraction significantly more than PGs and SP (2.8%, 1.2%, respectively). With experience over 10 years, 42% of participants chose non-surgical retreatment and it was significantly higher with specialists compared to GPs and PGs.
Reasons for the selected treatment option
For cases with poor technical quality (under-filling, overfilling), non-surgical retreatment was chosen followed by wait and see and typically explained by the asymptomatic nature of the cases. Some GPs reported the presences of a crown as an obstacle for retreatment; therefore, a wait and see approach was preferred.
In cases with coronal leakage, 33.2% of GPs chose 'wait and see' without acknowledging the leakage, while 45.4% chose non-surgical retreatment, GPs in this category did not state leakage as a reason for their choice.
The need for a crown restoration was not considered as a factor for intervention when the technical quality of the root filling was good even among specialists (49.6% chose wait and see), while when the technical quality was inadequate most participants chose to intervene mostly by non-surgical retreatment (72.5%). The wait and see category continued to be an option in the PGs and GPs categories although with a lower percentage, when cases had a combination of poor technical quality, coronal leakage and the need for a crown.
Effect of specialty
The relative risk ratio and P-values for the group effect on the probabilities of the treatment options are presented in Table 3 . After adjustment for gender and years of experience, GPs are less likely to undertake surgical retreatment than non-surgical retreatment compared to SP (P = 0.011). GPs chose extraction more than non-surgical retreatment by 6.1% and 65% higher than PGs and SP, respectively (P = 0.002, P < 0.001). The probability of GPs to choose wait and see over non-surgical retreatment was significantly lower than SP but not different from PGs. The probability of PGs to choose wait and see over non-surgical retreatment was significantly higher than SP.
Discussion
The primary aim of this study was to explore decision making for asymptomatic root-filled teeth with apical periodontitis among dental practitioners and to investigate factors affecting decision making including tooth and practitioner-related factors. Identifying tooth-related factors may help in setting guidelines as to when to intervene and the type of intervention. Although radiographs are crucial in endodontic decision making and radiograph-based clinical scenarios have been used previously to evaluate practitioners approach to decision making, it has the limitation of being two-dimensional and considerable inter-observer and intra-observer variability may exist (16) . Visual interpretation is a product of viewing conditions, individual perceptual variations and The overall response rate was good with the lowest being among specialists, which is in accordance with previous studies reporting low response rate from specialists (1, 17) . The protocol of five treatment options was adopted similar to other studies which include intervention (non-surgical, surgical, extraction), wait and see in cases where a healing potential is expected or no therapy (12, 17, 18) .
Non-surgical retreatment was the most chosen option among alternative treatments in general which is in accordance with a previous study (17) . The main reason for persistence of apical periodontitis is remaining bacteria or bacteria re-entering as a result of coronal leakage (8, 19) ; furthermore, poor root canal filling and poor coronal restoration were found to adversely affect the long-term dynamics of periapical lesions that were left without intervention in root-filled teeth (20) . Despite that, in this study it was alarming that in cases with coronal leakage 33% have chosen wait and see, and even in situations where non-surgical retreatment was opted GPs did not state coronal leakage as a reason. The importance of the quality of the existing restoration, regardless of the technical quality of the root canal fillings, particularly when coronal coverage is planned, should be highlighted further in the literature and in retreatment recommendations.
Poor technical quality of root canal fillings continued to be the most driving factor to intervene, which is in accordance with previous findings (21) . While when the root canal filling was adequate, wait and see continued to be an option despite the presence of coronal leakage or the need for a crown restoration.
The surgical option was chosen less frequently than non-surgical retreatment due to beliefs by some practitioners that non-surgical retreatment has a higher success rate; however, lack of training on contemporary endodontic microsurgery at some schools may have contributed to decision making. Periapical surgery is usually attempted after conventional retreatment based on the aetiology of root canal treatment failure, unless it is unfeasible. This knowledge is expected to be known to both PGs and SPs and resulted in opting to non-surgical retreatment more often than the surgical approach.
The GPs were less likely to undertake surgical retreatment than non-surgical retreatment compared to SP and PG, probably related to lack of training, the other probability was to extract rather than wait and see which corresponds with the findings of Pagonis et al. (2000) that general practitioners chose more extensive treatment modalities (22) , and underestimate the outcome of nonsurgical retreatment. Educational efforts focused on endodontic outcome and decision making in the undergraduate curriculums are required to enhance a more uniform evidence-based decisions among young GPs.
Despite the current expansion of implant placement to include SP and Gps, extraction was the least opted option in general (3.5%) which corresponds with the literature with regard to the incidence of extraction of root-filled teeth (23) . The asymptomatic nature of the scenarios presented in this study may have contributed to this, which directs attention towards either no treatment or just wait and see. The wait and see approach was preferred over the no treatment by the three groups probably reflecting motivation to monitor for signs of healing beyond 1 year (24), or uncertainty in decision making but at the same time excluding ignorance.
In medicine, age and gender were reported not to have a significant effect on clinical decision making, similarly age and practice location were not significant factors affecting decision making among Ontario dentists with regard to retreatment or extraction (25) . On the other hand, similar to the findings of this study, a European study reported age to have a positive effect on non-surgical retreatment rate and to be inversely related to the choice of surgical retreatment in the management of asymptomatic cases with apical periodontitis (26) . This could be explained either by the increased experience in conventional retreatment techniques by increasing age and years of practice or due to inexperience in surgical techniques due to lack of training at old schools. In a survey on surgical trends among endodontists, 33% felt their endodontic residency training in surgery was inadequate and 48% went to acquire additional post residency training (27) . With regard to the number of treatment options that were selected for each case, SP and PGs chose two or three options for most of the cases and no single case took five treatment options, while GPs expressed greater variability to a level that no single case had less than four treatment options, similar to previous findings (28) . This demonstrates a connection between the decision-making process and the expertise; specialisation should lead to a greater consensus among practitioners by virtue of expertise in endodontic diagnosis, knowledge of prognostic factors in endodontic outcomes and the ability to critically appraise evidenced-based knowledge (3). The highest consensus was displayed among specialists with non-surgical retreatment prevailing among their preferences (59%) which is in accordance with previous studies (1, 3, 25) and contrary to another where PGs displayed the highest consensus (17) . While the variations in the choices are probably related to the school effect, which was reported to be the main source of variation in endodontic retreatment decisions among students and staff members of 10 European dental schools (25) . Therefore, clear established guidelines for root canal retreatment by professional bodies will benefit all practitioners' categories. Furthermore, the variability in decision making among practitioners necessitates that patients should be fully engaged in the process of decision making to avoid interventions that are not consonants with their own preferences (26, 29) .
Conclusion
There was wide variation in the management of asymptomatic root-filled teeth with apical periodontitis among groups of participants, practitioners and particularly specialists tended to intervene most of the time. Several prognostic factors were overlooked and not considered in decision making; therefore, clear guidelines are required and the topic should be highlighted in continuing education and postgraduate programs.
